The swelling of potato (Solanum tuberosum L.) mitochon Figure 3 .
phosphate-hydroxyl carrier, a dicarboxylate carrier, and a tricarboxylate carrier.
Several carrier-mediated anion transporting systems are known to be present in rat liver mitochondria (1, 2, 4) . These are generally considered to be exchange-diffusion carriers or antiporters (5) and include a phosphate-hydroxyl transporter, a dicarboxylate-phosphate transporter, and a tricarboxylatedicarboxylate transporter as outlined in Figure 1 .
The first technique used to establish the presence of these carrier systems was the observation of swelling (measured optically as a decrease in light scattering) of mitochondria in isosmotic solutions of ammonium salts (3) . The mechanism for this swelling is represented in Figure 2 .
Ammonia diffuses across the membrane down a concentration gradient. Inside the mitochondria NH3 associates with a proton to form NH,' leaving an excess of OH-which then exchanges for phosphate on the phosphate-hydroxyl antiporter.
The increased osmotic pressure within the mitochondria induces swelling.
Rat liver mitochondria swell rapidly in isosmotic solutions of ammonium phosphate, swell in ammonium succinate or malate only after addition of a catalytic amount (2 mM) of phosphate, and swell in ammonium citrate only after addition of catalytic amounts (2 mM) of both phosphate and malate (3) .
Mitochondria from different organisms and even from different tissues of the same organism vary in their complement of exchange-diffusion carriers (1, 3) . For example, housefly muscle mitochondria lack the carboxylic acid carriers, beef and rat heart mitochondria lack the tricarboxylate carrier, whereas rat liver mitochondria possess the full complement of carriers (3 Figure 3 . N-Ethylmaleimide, which is known to inhibit the phosphatehydroxyl antiporter of animal mitochondria (7) . inhibits this spontaneous swelling by more than 80%. This indicates that a phosphate carrier similar to that of animal mitochondria is present in these potato mitochondria. Figure 4 shows that there is no swelling in either ammonium succinate or ammonium malate until the addition of Pi which then initiates rapid swelling. Figure 5 shows that there is no swelling in ammonium citrate until both Pi Figure 6 in which the mitochondria are suspended in ammonium chloride. In this case, the mitochondria are impermeable to chloride (3) and, therefore, any swelling which occurs when Pi and malate are added would be due to the entry of these latter two compounds. Since no swelling was induced, it is clear that these amounts of Pi and malate are 
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insufficient to bring about a significant change in internal osmotic pressure by themselves. Figure 7 shows that succinate is as effective as malate in activating swelling in ammonium citrate in the presence of Pi. Figure 8 shows that pentylmalonate is able to inhibit the rate of Pi-and malate-activated swelling in ammonium citrate. In this experiment pentylmalonate is inhibiting the entry of malate which, as shown in Figure 5 , is necessary along with Pi to activate rapid swelling in ammonium citrate.
It is not possible to demonstrate inhibition by pentylmalonate of swelling in isosmotic solutions of ammonium malate or succinate. Such an effect would not, however, be expected, if the inhibition of the dicarboxylate carrier by pentylmalonate is of a competitive nature, as is known to be the case for rat liver mitochondria (8) . However, in a previous publication we have shown by metabolic studies that butylmalonate (which acts in the same way as pentylmalonate) inhibits the entry of dicarboxylates into mung bean mitochondria (6) .
These results are consistent with the presence of a phosphate-hydroxyl antiporter, a dicarboxylate-phosphate antiporter, and a tricarboxylate-dicarboxylate antiporter in potato mitochondria as outlined in Figure 1 .
